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ABSTRACT 

We have analyzed high-dispersion echelle spectra (R > 50, 000) of red giant mem- 
bers for four open clusters to derive abundances for many elements. The spread in 
temperatures and gravities being very small among the red giants nearly the same 
stellar lines were employed thereby reducing the random errors. The errors of average 
abundance for the cluster were generally in 0.02 to 0.07 dex range. Our present sample 
covers galactocentric distances of 8.3 to 10.5 kpc. The [Fe/H] values are — 0.02±0.05 
for NGC 752, -0.07±0.06 for NGC 2360, -0.11±0.05 for NGC 1817 and -0.19±0.06 
for NGC 2506. Abundances relative to Fe for elements from Na to Eu are equal within 
measurement uncertainties to published abundances for thin disk giants in the field. 
This supports the view that field stars come from disrupted open clusters. 

Key words: - Galaxy: abundances - Galaxy: open clusters and associations - stars: 
abundances: general - open clusters: individual: NGC 752, NGC 1817, NGC 2360, 
NGC 2506 



1 INTRODUCTION 

Open clusters (OCs) are believed to be coeval groups of stars 
born from the same proto-cluster cloud which may have been 
part of a larger star-forming region in the Milky Way. Ages of 
clusters range from very young where stars are still forming 
to nearly 10 Gyr (Dias et al. 2002). Since all stars in most 
OCs are at the same distance and have the same chemical 
composition, basic stellar parameters like age, distance, and 
metallicity can be determined more accurately than for field 
stars. Thus, OCs provide an excellent opportunity to map 
the structure, kinematics, and chemistry of the Galactic disk 
with respect to Galactic coordinates and time. 

The presence of chemical homogeneity among cluster 
members has been shown by the study of OCs, see, for ex- 
ample, spectroscopic analyses of the Hyades (Paulson et al. 
2003; De Silva et al. 2006) and Collinder 261 (Carretta et 
al. 2005; De Silva et al. 2007). This observed homogeneity 
signifies that the proto-cloud is well mixed, and hence, the 
abundance pattern of a cluster bears the signature of chem- 
ical evolution of the natal cloud. Chemical evolution of the 
Milky Way has, of course, been well studied using field stars. 
A large fraction of field stars are from disrupted OCs (Lada 



& Lada 2003). The youngest OCs may be intact. The old- 
est OCs may be totally disrupted. Thus, the field stars do 
not fully sample the age distribution of OCs and, in partic- 
ular, the youngest stellar generations are under-represented 
by field stars. 

In this paper, we report abundance analyses from high- 
resolution spectra of red giants in four OCs: NGC 752, NGC 
1817, NGC 2360, and NGC 2506. These analyses are the first 
for these OCs to report elemental abundances for elements 
from Na to Eu. 

The structure of the paper is as follows: In Section 2 
we describe the data selection, observations and data reduc- 
tion and Section 3 is devoted to the abundance analysis. In 
Section 4 we present our results and compare them with the 
abundances derived from samples of field thin and thick disk 
stars (i.e. dwarfs and giants). Finally, in Section 5 we give 
the conclusions. 



2 OBSERVATIONS AND DATA REDUCTION 

Clusters were selected from the New catalogue of optically 
visible open clusters and candidate^ (Dias et al. 2002). Em- 
phasis was placed on OCs not yet subjected to high reso- 



* E-mail: sudha@iiap.res.in (ABSR); giridhar@iiap.res.in (SG); 
dll@astro.as.utexas.edu (DLL) 



http:/ /www. astro. iag.usp.br/ wilton/ 



2 A. B. S. Reddy, S. Giridhar and D. L. Lambert 

Table 1. Target clusters and their properties from the literature. 



Cluster 


1 


b 


Age 


[Fe/H] phot . 


Rgc 


(m-M)„ 


E(B-V) 


[Fe/H] re/ 




(deg.) 


(deg.) 


(Gyr) 


(dex.) 


(kpc) 


(mag.) 


(mag.) 




NGC 752 


137.12 


-23.25 


1.12 


-0.12 


8.3 


8.18 


0.03 


Bartasiute et al. (2007) 


NGC 1817 


186.16 


-13.09 


0.41 


-0.33 


9.9 


11.79 


0.25 


Parisi et al. (2005) 


NGC 2360 


229.81 


-01.43 


0.56 


-0.12 


9.3 


11.72 


0.11 


Claria et al. (2008) 


NGC 2506 


230.56 


+09.93 


1.11 


-0.32 


10.5 


12.95 


0.08 


Henderson et al. (2007) 



Table 2. The observed stars. 



Cluster 


Star ID 


o(2000.0) 


5(2000.0) 


V 


B-V 


RVhelio 


S/N 






(hh mm s) 


(° " ') 


(mag.) 


(mag.) 


(km s _1 ) 


at 6000 A 


NGC 752 


77 


01 56 21.60 


37 36 08.00 


9.35 


+1.02 


+6.3+0.2 


100 




137 


01 57 03.10 


38 08 02.00 


8.89 


+ 1.02 


+5.9+0.2 


100 




295 


01 58 29.80 


37 51 37.00 


9.29 


+0.96 


+6.3+0.2 


120 




311 


01 58 52.90 


37 48 57.00 


9.04 


+ 1.03 


+6.7+0.2 


120 


NGC 1817 


1027 


05 12 19.38 


16 40 48.64 


12.13 


+1.03 


+66.1+0.2 


110 




2038 


05 12 06.27 


16 38 15.34 


12.17 


+1.12 


+66.6+0.2 


90 




2059 


05 12 24.65 


16 35 48.84 


12.04 


+1.08 


+66.5+0.2 


90 


NGC 2360 


5 


07 18 14.13 


-15 37 30.49 


10.74 


+1.04 


+30.4+1.1 


77 




6 


07 18 19.08 


-15 37 32.62 


11.03 


+1.04 


+29.1+0.1 


95 




8 


07 18 10.84 


-15 34 13.30 


11.09 


+1.01 


+29.2+0.2 


80 




12 


07 18 09.58 


-15 31 39.80 


10.34 


+1.16 


+29.5+0.4 


75 


NGC 2506 


2212 


08 00 08.68 


-10 46 37.50 


11.95 


+1.07 


+84.1+0.2 


50 




3231 


07 59 55.77 


-10 48 22.73 


13.12 


+0.98 


+84.9+0.4 


45 




4138 


08 00 01.49 


-10 45 38.50 


13.30 


+0.91 


+84.9+0.3 


60 



lution spectroscopy. Since the main sequence stars in the 
chosen OCs were faint, we elected to observe the red giant 
members. For each of the target clusters, red giants were 
selected using the WEBDA0 database. Target clusters and 
their properties are shown in the Table 1: column 1 repre- 
sents the cluster name, columns 2 & 3 the Galactic longi- 
tude and latitude in degrees, column 4 the age, column 5 the 
photometric estimate of the iron abundance, column 6 the 
Galactocentric distance, column 7 the distance modulus, col- 
umn 8 the reddening, column 9 the reference to [Fe/H]. All 
quantities are from the database entry except for the [Fe/H] 
abundance and the Galactocentric distance, Rgc, which we 
calculate assuming a distance of the Sun from the Galactic 
centre of 8.0+0.6 kpc (Ghez et al. 2008) . 

Observations were conducted during February 6-10, 
1999 with Tull echelle coude spectrograph (Tull et al. 1995) 
on the 2.7-m Harlan J. Smith telescope at the McDonald 
observatory. Spectra are at a resolving power of >50,000 as 
measured by the FWHM of Th I lines in comparison spectra. 
The spectral coverage was complete from 4000 A to 5600 
A and substantial but incomplete from 5600 A to about 
9800 A. A series of bias and flat frames were obtained at sev- 
eral exposure levels chosen to match those of the program 
stars, and comparison Th-Ar spectra were taken to establish 
the wavelength scale. We obtained on each night the spec- 
trum of a rapidly-rotating B star to monitor the presence of 
telluric lines. 

Spectroscopic reductions were done with the IRAF soft- 
ware of AfOACo within the imred and echelle packages, involv- 



2 http://www.univie.ac.at/webda/ 

3 http://iraf.noao.edu/ 



r 



n | i i i | i 
NGC 2360^12 T efl =4650 log(g)=2.10 f =1„2S 



IP 



iff 



If 



NGC 3506^2213 T s „=4700 k>g(g)=1.75 f t =1.21 
NGC 752#77 T rff =4850 log(g)=2.65 f ( = l.ZB 
NGC 1817#2038 T ,,=5100 ]og(g)U.45 f, =1.44 



1 

6120 



6140 w , ... s 6160 

Wavelength in A 



6180 



Figure 1. Representative spectra for the four clusters. 



ing bias subtraction, scattered light correction, flat-fielding, wave- 
length calibration and continuum fitting. We measured the radial 
velocity (RV) of each star on each spectrum. The continuum-fitted 
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spectrum was corrected for the Doppler shift using the routine Table 3. Adopted linelist. All the columns are self-explanatory. 

dopcor available in IRAF task splot. Our radial velocity mea- 



surcmcnts arc in fair agreement with the previous radial velocity 


Atom 


Wavelength 


LEP 1 


log gf 


(mA) 


Ref a . 


measurements for the red giants in OCs (Mcrmilliod ct al. 2008). 
The identification and basic observational data for the stars 


(A) 


(eV) 


observed in each of the clusters are given in Table 2, along with the 


Na I 


4668. 


.567 


2 


.100 


-1.31 


53.4 


NIST 


computed radial velocity and S /N of each of the spectra extracted 




4982. 


.821 


2 


.100 


-0.96 


79.0 


NIST 


at 6000 A for each of the stars. Spectra of a representative region 




5688. 


.210 


2 


.100 


-0.45 


115.4 


NIST 


are shown in Figure 1 for one star from each of the four clusters. 




6154. 


224 


2 


.100 


-1.55 


36.3 


NIST 






6160. 


.746 


2 


.100 


-1.25 


55.9 


NIST 




Me I 


5711 


.090 


4 


.340 


-1.72 


104.5 


NIST 






6318. 


708 


5 


.108 


-1.90 


42.9 


NIST 




Al I 


7084. 


.564 


4 


.020 


-0.93 


21.4 


KUR 






7835. 


296 


4 


.020 


-0.65 


41.2 


KUR 


3 ABUNDANCE ANALYSIS 




7836. 


.119 


4 


.020 


-0.47 


55.4 


KUR 


Si I 


5665. 


.551 


4 


.920 


-2.04 


39.4 


NIST 


3.1 Line selection 




5645. 


.606 


4 


.930 


-2.14 


34.9 


LUCK 




5701. 


.100 


4 


.930 


-2.05 


37.7 


NIST 


T"i ct ol 1 q t* 1 1 ti oo ^rrii/^n or^i fvoo frn tvi 1 o tt r" i Q 10 oviioipiI t/~\t 
UL1L.L IjIUII Ul S lit_-llell 1111CS WHICH cti C 11 CC 11 Ulll UlCHLlo 13 CI LLClCll 1U1 




5753. 


.632 


5 


.610 


-1.30 


42.5 


LUCK 


deriving accurate elemental abundances. We used Rowland s pre- 




6131. 


570 


5 


.610 


-1.70 


22.3 


LUCK 


liminary table of solar spectrum wavelengths (IVIoore et al. 1966) 




6131. 


851 


5 


.610 


-1.62 


23.3 


LUCK 


and the the Arcturus spectrum (Hinklc et al. 2000) to identify 




6145. 


.013 


5 


.610 


-1.48 


36.5 


LUCK 


iiTir^loTioiOTT cr\or l 'i""r^i 1 1 i ti og Wl o otri r\ 1 sw rt^fl of ri r*\~ i ti t n o o 
U.11U1C11C1CC1 bpCClil dl 1111CS . V V C CllipiOyCCl & lil IClr CI 1 LCI lei 111 111C &L- 




6237. 


.319 


5 


.610 


-1.14 


56.7 


LUCK 


looti t~iY~\ t~t¥ Qiiitarilr 1 linpc Tr iftit in nvn ov ti~i pwi^iirl tnri Hifti(''iilt\7" in 

1CCL1CJ11 U 1 o LI 1 L cX kJ l \_ llll\_.o . J_ 11 5Lr^ 111 Ul vlUl Lr W CIVU1U L11C CL1 111C 111 IV 111 




6244. 


.470 


5 


.610 


-1.36 


45.1 


LUCK 


defining the continuum due to heavy line crowding in the blue 




6243. 


812 


5 


,613 


-1.26 


46.5 


KUR 


t"\q i*t oit t n o cnortrn tti iirfi colr^r'f'O/'i 1 1 ti og / \ ti 1 a r \*fifniTi t n o -iMM t 

jJcll L Cll L11C S]_JCC Li Lllll, WC &L1V,LILU 1111CS U111V WlLrlllll LrllC "±OUU IU 




6142. 


.486 


5 


.620 


-1.54 


33.0 


LUCK 


7&^fl A ism^/plon crt n va ti cp 'sorrtriH rno i ati q ^nntainiTKf tplliiT'ip n n. 

1 O 'J \J A W OjVClClltiLrll 1 <X11 tiC • uLLUllU, ICtilCllk!) CCIllLCLllllllti LC11U11C CLU 




6721. 


.840 


5 


.862 


-1.06 


42.8 


LUCK 


sorption lines were generally avoided. Third, lines which appear 




6195. 


445 


5 


,873 


-1.80 


14.9 


LUCK 


flsvinmr'frir is/pt'p atitiiiTYioH tn l~ip riloTirlprl wif n iiTiiHpvititipH Iitipq 

y llllll\_.Lrl 1C W LiL CUDoUlllLU UU i-> C UlCHLLCLL W 1 L 11 LL111CLC11L 111CCL 1111CO 


Ca I 


6122 


.221 


1 


.890 


-0.32 


161.9 


LUCK 


nriH H ior*civri pH HViiiT"tn Iivipq w,itn ppniiA/nlpTit wint mc [ h!Ws 1 VtpIpvh, 

CL.11C1 U1DV,(IIULU. ICLllljll, HllCO Wlljll CL4 Lll V CL1C11 L W1CIL113 1 Ij VV B 1 UL1UW 




5581. 


.971 


2 


.520 


-0.55 


93.7 


LUCK 


10 mA. were rejected because they are too sensitive to noise and 




5590. 


.117 


2 


.520 


-0.57 


91.7 


LUCK 


trio n own ci 1 1 vnti OjYI rrt t nri r*ojVitiviiiiiTn citiH Iivipq with oninvalPTit 

L11C IILJIIIIOjIIZjOjUILJII U 1 L11C CCJHLrlllLlLLlll, cl 1 1 LI llllUo W 1 Lrll CCJLHVOjICIILi 




6166 


434 


2 


.520 


-1.14 


69.2 


LUCK 


wint Iig crt-PPttpf than tti A woro ri 1 gppi rriori r»ppmit:n tli/^v citp t rrc i 

WJUlllO gl CCLLC1 LlldLll iitJU lilJT. WUL. UlSLdlULLI ULLdUBL LjIICJ' (XL t_ LUU 




6169 


560 


2 


.520 


-0.48 


108.5 


LUCK 


en tii mtpH 

OCl. Lr LL1 (X L'LU, 




6455. 


.599 


2 


.520 


-1.29 


56.2 


LUCK 


Application of our criteria resulted in a list of 55 Fe I lines 




6499. 


.649 


2 


.520 


-0.82 


85.0 


LUCK 


\ITlfn 1 /^iim-r 0"V01 1 a f 1 A T~t T*\f~\t Tit 1 PI 1 C 1 I ,T-T l-^ \ V* PI TI CTI TI CT TT"OlTY*l M toi ^ M 
WlLrll 1(J Wt.l CJ\_C1 LdLlC/ll ]_/U LC11 LleLlo 1 Fj1_j1T J icllltilll^ 11 (Jill VJ.U h(J 0.\J 




6471. 


662 


2 


.526 


-0.68 


90.7 


LUCK 


eV and EWs of up to 180 mAand 10 Fe II lines with excitation 


Sc I 


5686 


.832 


1 


.440 


0.38 


8.3 


LUCK 


nntpntiak of 9 8 to 3 Q pV and F,W^ nn to 1 9D m A 




5356. 


090 


1 


,860 


0.17 


2.3 


LUCK 


A portion of final linelist with solar EWs is given in Table 


Sc II 


6604. 


.587 


1 


.357 


-1.31 


35.1 


NIST 


3 with details about the lines including the log gf's (sec below). 




5667. 


.141 


1 


,500 


-1.20 


30.0 


KUR 


Por each line in the constructed linelist, we provide a gf-valuc 




6245. 


615 


1 


.507 


-1.03 


35.4 


KUR 


from the literature. In most cases, we located recent experimental 




6300. 


.681 


1 


.507 


-1.89 


8.1 


KUR 


determinations or chose values from critical reviews. References 




5526. 


.813 


1 


.768 


0.06 


75.6 


KUR 


to the adopted sources arc given in Table 3. EWs were measured 


Ti I 


5039. 


.960 





.021 


-1.13 


75.7 


NIST 


manually using the task ' splot^ contained in IR.A.F by fitting a 




5460 


497 





.048 


-2.75 


9.6 


LUCK 


Gaussian profile to the observed line. 




4999. 


510 





.826 


0.31 


103.6 


LUCK 


J. UI fiLVLldl dUaUl p L1U11 ILdLUILa, UlLllLipit^ (^UlIipOIlt^IlLS Ul ' 1 




5020. 


.026 





.836 


-0.35 


72.6 


KUR 


given atomic transition contribute to the feature. In such cases, 




5295. 


.776 


1 


.067 


-1.63 


13.1 


NIST 


we computed a synthetic spectrum including all components and 




5474. 


223 


1 


.460 


-1.23 


10.8 


NIST 


occasionally other lines too and matched the synthetic spectrum 




5490. 


.148 


1 


,460 


-0.93 


21.6 


NIST 


to the observed spectrum by varying the abundance of the element 




4617. 


.274 


1 


.749 


0.39 


61.2 


NIST 


in cjuestion. 




5739. 


.980 


2 


.236 


-0.60 


7.3 


NIST 


As a check on the chosen gf- values, we derived solar abun- 




5702. 


656 


2 


.292 


-0.57 


8.1 


NIST 


dances using me /\j.ij/^.oy mooei 101 j e f f — 01 / i i\, log y — ^t.^i^i 


Ti II 


4764. 


.528 


1 


.237 


-2.77 


37.2 


LUCK 


cgs. A microturbulence of £t = 0.95 km s — was found from iron 




4708. 


.665 


1 


.240 


-2.21 


52.9 


NIST 


lines. Solar equivalent widths were measured off the solar inte- 




5005. 


.168 


1 


.566 


-2.54 


25.5 


NIST 


grated disk spectrum (Kurucz et al. 1984). Abundances are given 




5381. 


022 


1 


,566 


-1.85 


57.3 


LUCK 


in Table 4 along with those from the recent review by Asplund 




5396. 


244 


1 


.580 


-2.92 


12.1 


LUCK 


ct al. (2009). Our abundances for the majority of elements are in 




5336. 


.788 


1 


.582 


-1.70 


69.2 


NIST 


good agreement with Asplund ct al.'s. Small differences in abun- 




5418. 


767 


1 


.582 


-1.99 


48.1 


KUR 


dances are inevitable, for example, the line lists are not necessarily 


V I 


6251. 


823 





.286 


-1.34 


15.8 


NIST 


identical as to selected lines and/or gf- values and the adopted so- 




6111. 


647 


1 


.043 


-0.71 


10.7 


NIST 


lar models arc different; ours is a classical model but Asplund et 




5727. 


.653 


1 


.051 


-0.87 


8.9 


NIST 


al. for many elements use a model representing the solar granula- 




6135. 


.366 


1 


.051 


-0.75 


10.4 


NIST 


tion. For the purposes of determining the stellar abundances, we 




5737. 


062 


1 


.064 


-0.74 


10.8 


NIST 


adopt our solar abundances when computing [X/H] and [X/Fc], 




5668. 


365 


1 


.081 


-1.03 


5.6 


NIST 


i.e., our analysis is essentially a differential one relative to the 




5670. 


.848 


1 


.081 


-0.42 


19.0 


NIST 


Sun. 




5727. 


.044 


1 


.081 


-0.01 


39.9 


NIST 
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Table 3— continued 



Table 3— continued 



Cr I 



Cr II 



Mn I 



Fe I 



Fe II 



Wavelength 




i°g gf 


VVA,0 


tie} . 


(A) 


(eVJ 




(mAJ 




4545.958 


0.941 


-1.37 


81.1 


SLS 


5296.696 


0.983 


-1.36 


91.0 


SLS 


5300.747 


0.983 


-2.00 


58.3 


SLS 


5345.802 


1.004 


-0.95 


112.2 


SLS 


5238.959 


2.709 


-1.30 


16.1 


SLS 


5329.139 


2.910 


-0.06 


65.8 


KUR 


5784.967 


3.321 


-0.38 


31.2 


NIST 


5214.129 


3.369 


-0.74 


17.1 


NIST 


5628.640 


3.422 


-0.74 


14.4 


SLS 


5287.174 


3.440 


-0.87 


10.7 


SLS 


5312.853 


3.449 


-0.55 


19.8 


SLS 


5304.178 


3.463 


-0.67 


15.4 


SLS 


5279.874 


4.070 


-2.10 


19.0 


NIST 


5308.424 


4.071 


-1.81 


25.3 


NIST 


5237.321 


4.073 


-1.16 


52.6 


NIST 


5334.864 


4.073 


-1.56 


33.6 


KUR 


5313.578 


4.074 


-1.65 


33.4 


NIST 


5502.081 


4.170 


-1.99 


18.3 


NIST 


6013.488 


3.072 


-0.25 


84.9 


NIST 


6021.796 


3.075 


0.03 


90.7 


NIST 


5377.608 


3.845 


-0.11 


48.0 


KUR 


5399.480 


3.850 


-0.29 


37.4 


KUR 


6136.995 


2.198 


-2.95 


65.6 


F&W 


6252.562 


2.404 


-1.69 


120.9 


F&W 


5141.742 


2.424 


-2.24 


84.5 


F&W 


5701.548 


2.559 


-2.22 


83.8 


F&W 


6646.931 


2.608 


-3.95 


9.3 


KUR 


5036.918 


3.018 


-3.04 


24.5 


F&W 


5215.184 


3.266 


-0.87 


119.7 


F&W 


5576.093 


3.431 


-0.94 


106.2 


F&W 


5568.863 


3.635 


-2.95 


10.3 


LUCK 


5054.655 


3.640 


-1.92 


39.8 


F&W 


5636.695 


3.640 


-2.56 


20.7 


F&W 


5760.343 


3.642 


-2.44 


22.9 


F&W 


5539.278 


3.643 


-2.61 


18.7 


F&W 


6411.653 


3.654 


-0.72 


116.9 


F&W 


5466.986 


3.655 


-2.23 


32.5 


F&W 


6336.828 


3.687 


-0.86 


101.9 


F&W 


5379.574 


3.695 


-1.51 


60.5 


F&W 


6003.014 


3.882 


-1.15 


81.6 


NIST 


6187.988 


3.943 


-1.67 


46.0 


F&W 


5293.957 


4.143 


-1.84 


28.7 


F&W 


6165.358 


4.143 


-1.47 


43.9 


F&W 


5608.973 


4.209 


-2.40 


10.4 


LUCK 


5618.631 


4.209 


-1.28 


49.6 


F&W 


5074.753 


4.221 


-0.23 


114.3 


F&W 


5738.230 


4.221 


-2.34 


11.8 


LUCK 


5579.338 


4.231 


-2.40 


10.6 


LUCK 


5016.477 


4.256 


-1.69 


32.7 


LUCK 


5090.783 


4.256 


-0.44 


90.1 


NIST 


5243.777 


4.256 


-1.12 


59.9 


F&W 


5646.682 


4.261 


-2.50 


7.1 


LUCK 


5717.832 


4.284 


-1.10 


60.5 


F&W 


5197.934 


4.301 


-1.62 


35.5 


F&W 


5466.398 


4.371 


-0.63 


77.0 


LUCK 


5295.312 


4.415 


-1.67 


28.5 


F&W 


5560.210 


4.435 


-1.16 


50.5 


F&W 


5577.022 


5.033 


-1.55 


12.3 


LUCK 


5000.730 


2.780 


-4.61 


11.9 


M&B 


4520.225 


2.807 


-2.65 


81.3 


M&B 


4993.353 


2.807 


-3.62 


39.0 


M&B 


6369.460 


2.891 


-4.11 


19.5 


M&B 


6432.680 


2.891 


-3.57 


40.9 


M&B 



Atom 


Wavelength 


(eVj 


i°g gf 


W K<3 
(mA) 


He} . 




5256.931 


2.892 


-4.06 


21.1 


M&B 




5425.260 


3.199 


-3.22 


42.6 


M&B 




6084.103 


3.199 


-3.88 


20.2 


F&W 




5234.620 


3.221 


-2.18 


84.8 


M&B 




5414.067 


3.221 


-3.58 


27.7 


M&B 




6149.244 


3.889 


-2.84 


35.8 


F&W 




6247.559 


3.892 


-2.43 


52.1 


F&W 




6456.383 


3.903 


-2.19 


61.0 


F&W 


Co I 


6116.994 


1.785 


-2.49 


6.0 


NIST 




5647.232 


2.280 


-1.56 


13.8 


NIST 




5212.680 


3.514 


-0.14 


19.2 


KUR 




6454.990 


3.632 


-0.25 


14.6 


NIST 




5342.701 


4.022 


0.69 


30.8 


KUR 


Ni I 


5578.720 


1.676 


-2.64 


55.3 


NIST 




5748.352 


1.676 


-3.26 


27.6 


NIST 




6191.181 


1.677 


-2.35 


71.0 


KUR 




6177.242 


1.826 


-3.51 


14.4 


NIST 




4998.229 


3.606 


-0.78 


52.9 


NIST 




5462.493 


3.847 


-0.93 


38.6 


NIST 




5468.103 


3.847 


-1.61 


12.4 


NIST 




5589.357 


3.898 


-1.14 


27.6 


NIST 




5593.736 


3.898 


-0.84 


40.2 


NIST 




5638.745 


3.898 


-1.73 


9.5 


NIST 




6111.072 


4.088 


-0.87 


32.7 


NIST 




5625.316 


4.089 


-0.70 


37.7 


NIST 




5682.199 


4.105 


-0.47 


50.4 


NIST 




5760.830 


4.105 


-0.80 


33.9 


NIST 


Cu I 


5218.201 


3.820 


0.26 


49.3 


NIST 


Zn I 


4722.160 


4.030 


-0.34 


65.0 


KUR 




6362.342 


5.790 


0.27 


28.1 


LUCK 


Y II 


5200.409 


0.992 


-0.57 


36.3 


HLG 




4982.133 


1.033 


-1.29 


13.3 


HLG 




5289.817 


1.033 


-1.85 


4.0 


HLG 




4883.688 


1.080 


0.07 


54.3 


HLG 




5402.773 


1.840 


-0.63 


12.3 


LUCK 


Zr I 


6143.201 


0.070 


-1.10 


2.1 


BGHL 




4739.483 


0.650 


0.23 


6.2 


BGHL 


Ba II 


5853.678 


0.604 


-1.02 


62.5 


LUCK 




6496.905 


0.604 


-0.37 


97.8 


LUCK 


La II 


5303.538 


0.321 


-1.35 


4.4 


LBS 




6390.486 


0.321 


-1.41 


3.0 


LBS 


Ce II 


5472.281 


1.240 


-0.18 


2.1 


LUCK 


Nd II 


5092.800 


0.380 


-0.61 


6.5 


DLS 




5319.813 


0.550 


-0.14 


11.4 


DLS 




5485.539 


1.260 


-0.12 


4.1 


DLS 


Sm II 


4519.630 


0.544 


-0.35 


6.1 


LDS 


Eu II 


6645.108 


1.379 


0.12 


4.80 


LWD 



The lines are arranged in the order of their increasing LEP. 

"References for the adopted gf- values: 
BGHL-Biemont et al. (1981); 
F&W-Fuhr & Wiese (2006); 
HLG-Hannaford et al. (1982); 
KUR-Kurucz (1998); 
LWD-Lawler et al. (2001); 
LBS-Lawlcr et al. (2001); 
LDS-Lawler et al. (2006); 
LSC-Lawler et al. (2009); 
LUCK— Luck (Private communication); 
M&B-Melendez & Barbuy (2009); 
SLS-Sobeck et al. (2007); 
NIST- Atomic Spectra Database 



httD: / /Dhvsics.nist.£ov/PhvsRefData/ASD/lines_form.html 
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Table 4. Solar abundances derived by employing the solar model 
atmosphere from Castelli & Kurucz (2003) compared with the 
photospheric abundances from Asplund et al. (2009). 



Species log log eq 

(our study) (Asplund) 



Na I 


6.29±0.03(5) 


6. 


,24±0. 


.04 


Mg I 


7.55±0.06(2) 


7 


60±0. 


.04 


Al I 


6.35±0.06(3) 


6 


,45±0. 


.03 


Si I 


7.55±0.05(2) 


7. 


.51±0. 


.03 


Ca I 


6.28±0.05(8) 


6 


34±0. 


.04 


Sc I 


2.98±0.03(2) 


3 


,15±0. 


.04 


Sc II 


3.17±0.05(5) 








Ti I 


4.88±0.06(10) 


1 


,95±0. 


.05 


Ti II 


4.92±0.09(7) 








V I 


3.94±0.05(8) 


3 


93±0. 


.08 


Cr I 


5.59±0.04(12) 


5 


64±0. 


.04 


Cr II 


5.67±0.05(6) 








Mn I 


5.39 


5. 


43±0. 


.04 


Fe I 


7.54±0.05(36) 


7. 


50±0. 


.04 


Fe II 


7.52±0.05(13) 








Co I 


4.86±0.03(5) 


4. 


,99±0. 


.07 


Ni I 


6.24±0.02(14) 


6. 


22±0. 


.04 


Cu I 


4.18 


4. 


19±0. 


.04 


Zn I 


4.59±0.00(2) 


4. 


56±0. 


.05 


Y II 


2.19±0.07(5) 


2. 


,21±0. 


.05 


Zr I 


2.59±0.11(2) 


2. 


58±0. 


.04 


Ba II 


2.13 


2 


18±0. 


.09 


La II 


1.24±0.13(2) 


1 


10±0. 


.04 


Ce II 


1.56 


1. 


,58±0. 


.01 


Nd II 


1.50±0.09(3) 


1 


42±0. 


.04 


Sm II 


1.00 





96±0. 


.04 


Eu II 


0.51 





52±0. 


.04 



Note: Numbers in the parentheses indicate the number of lines 
used for abundance analysis. The abundances calculated by 
synthesis are presented in bold numbers. 

3.2 Determination of atmospheric parameters 

3.2.1 Photometry 

Initial estimates of the effective temperature of a red giant 
were derived from dereddened B and V photometry using the 
empirically-calibrated colour-temperature relation by Alonso et 
al. (1999) based on a large sample of field and globular cluster 
giants of spectral types from F0 to K5. An error of 3% is expected 
in the derived temperatures. 

Gravities were computed using the known distance to the 
OCs, temperature and bolometric corrections, and the cluster 
turn-off mass. We have adopted a turn-off mass of 1.5M0 for 
NGC 752 (Bartasiute et al. 2007), 2M Q for NGC 1817 (Jacobson 
et al. 2009), 1.98M for NGC 2360 (Hamdani et al. 2000), 
and 1.69M Q for NGC 2506 (Carretta et al. 2004). The relation 
between log g and T e ff ls given by (Allende Prieto et al. 1999) 

log 9 *= log fl0 +log(M*/M Q )+4 log(T e// /T e// 0) 
+ 0A(V + BC V ) + 21o 9 tt + 0.12 (1) 
with the corresponding luminosity given by 

log{L„/L & ) = -[0.4(Vb + BC V ) + 2log tt + 0.12] (2) 

where 7r is the parallax, Vo is the apparent Johnson V magnitude 
corrected for reddening, and BCv is the bolometric correction. 
We adopt log g0= 4.44, T e yy,Q= 5777 K. Bolometric corrections 
were taken from the calibration by Alonso et al. (1999). 

We suppose that the errors in different quantities involved in 



equation (1) are independent of each other. Then, by assuming an 
error of 10% in the stellar mass, an uncertainty of 3% in T e ff, an 
uncertainty of 5% in photometric V magnitude and the bolometric 
corrections, and an error of 10% in parallax, we get an error of 
~ 0.11 dex in log g and the corresponding uncertainty in log L* 
amounts to 0.08. 



3.2.2 Spectroscopy 

The spectroscopic abundance analysis was performed with the 
2010 version of the local thermodynamical equilibrium (LTE) 
line synthesis program MOOG (Sneden 1973] 4 ]. Model atmo- 
spheres were generated by linear interpolation from the ATLAS9 
model atmosphere grid (Castelli & Kurucz 2003J3- A model at- 
mosphere is characterized by the effective temperature T e f j , the 
surface gravity log g, microturbulence velocity £t, and composi- 
tion. These models use the classical assumptions of line-blanketed 
plane-parallel uniform atmospheres in LTE and hydrostatic equi- 
librium with flux conservation. 

Spectroscopically, we determine the stellar parameters in the 
conventional way when LTE is the paramount assumption. The 
key lines are those of Fe I and Fe II for which we take gf-values 
from Fuhr & Wiese (2006) and Melendez & Barbuy (2009). The 
microturbulence assumed to be isotropic and depth independent 
is determined from Fe II lines by the requirement that the abun- 
dance be independent of a line's EW. A model atmosphere with 
the photometrically determined parameters was used initially for 
this determination. The effective temperature is found by impos- 
ing the requirement that the Fe abundance from Fe I lines be 
independent of a line's lower excitation potential. Finally, the 
surface gravity is found by requiring that Fe I and Fe II lines give 
the same Fe abundance for the derived effective temperature and 
microturbulence. 

A check on the microturbulence is provided by lines of species 
other than Fe I. For example, for the star NGC 752 #311 we show 
in Figurc[2]the dispersion of the abundance computed from the Fe 
I, Fe II, Ti I, Ti II, V I, Cr I and Cr II lines as the micorturbulence 
is varied over the range in the microturbulence, §t, from to 6 km 
s -1 . It is clear that the minimum value of dispersion for all species 
is in the range 1.2-1.6 km s -1 . Thus, we adopt a microturbulence 
of 1.45 km s — 1 with an uncertainty of 0.20 km s — 1 . 

Several elements other than Fe provide both neutral and 
ionized lines and so offer a check on the condition of ionization 
equilibrium of Fe. Consider for example the four giants from NGC 
752: the abundance differences [X/H] between neutral and ionized 
lines of Sc, Ti, V and Cr are on average 0.03, -0.03, -0.01, and 
-0.05 dex, respectively where ±0.05 dex corresponds to a change 
of logg by =p of 0.15. 

The uncertainties in the derived surface temperatures from 
spectroscopy are provided by the errors in the slope of the relation 
between the Fe I abundance and LEP of the lines. A perceptible 
change of slope occures for variations of the temperature from 
50—100 K about the adopted model. 

Therefore, the typical errors considered in this analysis are 
100 K in T ef f, 0.25 cm s~ 2 in log g and 0.20 km s" 1 in £ 4 . 

The derived stellar parameters for program stars in each of 
the cluster are given in Table [5] column 1 represents the cluster 
name, column 2 the star ID, columns 3 & 4 the photometric T e ff 
and log g values, columns 5-7 the spectroscopic r Y e f j , log g and £t 
estimates. Finally, the spectroscopic and photometric luminosities 
( log(L/L0)) are presented in columns 8 & 9. Photometric and 
spectroscopic estimates are in excellent agreement. Mean differ- 
ences in T e f f, log g and logL/L© across the 14 stars are — 28±105 



4 http://www.as.utexas.edu/ chris/moog.html 

5 http://kurucz.harvard.edu/grids.html 
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K, 0.06±0.10 cgs, and — 0.08±0.10, respectively. The correspond- 
ing comparison of the spectroscopic with the photometric [Fe/H] 
in Table 1 also illustrates fair agreement: A[Fc/H] = 0.09 (NGC 
752), 0.21 (NGC 1817), 0.05 (NGC 2360), and 0.12 (NGC 2506). 



linclistfl We noticed that the these lines are not severely effected 
by hfs effects, causing an abundance difference of 0.0—0.10 dex 
with and without the inclusion of hfs components, and negligible 
while considering the standard deviation around mean what we 
obtain in the fine analysis using the routine 'abfind' in MOOG. 



3.3 Synthetic spectra 

We compared the stellar spectra to the synthetic spectra to derive 
abundances for the lines having intrinsic multiple components and 
lines affected by blends. Figures[3]and|4]show synthetic spectra fit 
to the observed one using three different abundances. The dotted 
line is the stellar spectrum. The red line is the best fit to the 
stellar spectrum, with the other lines representing different values 
for [Ba/H] and [Eu/H] abundances, based on \ 2 goodness of fit 
provided by MOOG. 

In this analysis, we have adopted the hfs data of Prochaska 
& McWilliam (2000) for the synthesis of Mn I line at 6013 A, 
Allen et al. (2011) for Cu I line at 5218 A, McWilliam (1998) 
for Ba II line at 5853 A and Mucciarelli et al. (2008) for Eu II 
line 6645 A. Isotopic ratios for Cu I, Ba II and Eu II were taken 
from Lodders (2003). Further, we have synthesized the lines Ce 
II line at 5472 A and Sm II line at 4577 A since the blends make 
it impossible to measure their EWs. The spectrum synthesis was 
carried out by running the MOOG in 'synth' mode. 

Since all odd species exhibit hfs effects of relatively varying 
strengths, we have performed spectrum synthesis over Sc II line 
at 6245 A V I line at 5727 A and Co I line at 5647 A . Here, we 
have adopted the hfs data of Prochaska & McWilliam (2000) for 
Sc II and for V I and Co I hfs components were taken from Kurucz 



3.4 Abundances 

The abundance analysis was conducted with the model atmo- 
spheres having the stellar parameters determined from the spec- 
tra (Table 2), the line list (Table 12) and the program MOOG. 
Abundances [X/H] are expressed relative to the solar abundances 
derived from the adopted gf-values. Results for the individual 
stars in each of the OCs are given in Tables 8, 9, 10, and 11. 

For each abundance based on analysis of EWs, the abun- 
dance and the standard deviation were calculated from all lines 
of a given species. The tables give the abundances of [Fe/H] and 
[X/Fe] for all elements. The quantity [X/Fe] minimizes the sen- 
sitivity to errors in the model atmosphere arising from uncer- 
tainties affecting the stellar parameters. Inspection of the Tables 
8-11 shows that, in general, the compositions [X/Fe] of stars in a 
given cluster are generally identical to within the (similar) stan- 
dard deviations computed for an individual star. Exceptions tend 
to occur for species represented by few lines, as expected when 
the uncertainty in measuring equivalent widths is a contributor to 
the total uncertainty. From the spread in the abundances for the 
stars of a given cluster we obtain the standard deviation 01 in the 
Tables 8-11 in the column headed 'average'. Errors in the adopted 
gf values are unimportant when providing differential abundances 



http: / /kurucz. harvard.edu/linelists. html 
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n 2 I— ■ 1 . . 1 . 1 . 1 1 . 1 . 1 1 1 1 1 1 1 1 1 1 . i_ 

5B53 5S53 6854 5855 565S 

Mavelength 

Figure 3. Synthetic spectra and the observed spectrum of NGC 2360 #6 around the Ba II line at 5853 A. The indicated abundances 
in the figure are on a logarithmic scale. 
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Figure 4. Synthetic spectra and the observed spectrum of NGC 752 #77 around the Eu II line at 6645 A. The indicated abundances 
in the figure are on a logarithmic scale. 



([X/H] or [X/Fe]) provided that the solar and stellar abundances 
depend on the same set of lines. 



We evaluated the sensitivity of the derived abundances to 
the variations in adopted atmospheric parameters by varying only 
one of the parameters by the amount corresponding to the typ- 
ical error. The changes in abundances caused by varying atmo- 
spheric parameters by 100 K, 0.25 cm s — 2 and 0.2 km s~ 1 with 
respect to the chosen model atmosphere are summarized in Table 
[6] We quadratically added the three contributors, by taking the 
square root of the sum of the square of individual errors associated 
with uncertainties in temperature, gravity and microturbulence, 
to obtain a^. The total error otot for each of the element is the 
quadratic sum of a\ and CT2. The error bars in the abundance 
tables correspond to this total error. 



4 RESULTS 

The four clusters support the widely held impression that there 
is an abundance gradient such that the metallicity [Fe/H] at the 
solar galactocentric distance decreases outwards (Magrini et al. 
2009) at about -0.1 dex per kpc: (R 9C , [Fe/H]) = (8.3, -0.03) for 
NGC 752, (9.3,-0.07) for NGC 2360, (9.9, -0.12) for NGC 1817, 
and (10.5,-0.20) for NGC 2506. 

Results - Tables 8-11 - for the individual clusters are con- 
sistent with the assumption that stars within a given cluster have 
the same composition. 

If OCs are the principal supplier of field stars, there should 
be a very close correspondence between the composition of stars 
in clusters and the field. Such a correspondence represents a stiff 
challenge to the idea that field stars have come from clusters 
because modern studies of field stars show that there is no dis- 
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Table 5. Basic photometric and spectroscopic atmospheric parameters for the stars in each cluster. 



Cluster 


Star ID 






^e//,spec 


log g 3 pec 


£spec 


log(L/L ) 


log(L/L ) 






(K) 


(cm s — 2 ) 


(K) 


(cm s — 2 ) 


(km sec -1 ) 


spectroscopy 


photometry 


NOP 759 


77 


4780 


2.75 


4850 


2 65 


1.26 


1.71 


1.54 




137 


4780 


2.57 


4850 


2.50 


1.36 


1.81 


1.72 




295 


4899 


2.80 


5050 


2.85 


1.47 


1.53 


1.53 




311 


4761 


2.62 


4850 


2.60 


1.45 


1.71 


1.66 


NGC 1817 


1027 


5177 


2.66 


5100 


2.60 


1.39 


1.92 


1.89 




2038 


4968 


2.57 


5100 


2.45 


1.44 


2.07 


1.90 




2059 


5059 


2.57 


4800 


2.40 


1.38 


2.01 


1.94 


NGC 2360 


5 


4899 


2.56 


4900 


2.70 


1.29 


1.75 


1.89 




6 


4899 


2.68 


5000 


2.50 


1.34 


1.98 


1.77 




8 


4962 


2.74 


5050 


2.60 


1.37 


1.90 


1.74 




12 


4668 


2.27 


4650 


2.10 


1.23 


2.26 


2.10 


NGC 2506 


2212 


4710 


1.86 


4700 


1.75 


1.21 


2.56 


2.45 




3231 


4893 


2.44 


5000 


2.50 


1.42 


1.92 


1.94 




4138 


5048 


2.60 


5100 


2.60 


1.47 


1.85 


1.84 



Table 6. Sensitivity of abundances to the uncertainties in the model 
parameters for the star 5 in NGC 2360 with T eff = 4900 K, logg= 
2.70 cm s -2 ,and £ t = 1.29 km s -1 . 





T e// ±100 K 


log g± 0.25 


ft± 0.20 








Species 




u logg 










Na I 


+0.06/ - 0.07 


-0.01/ + 0.01 


-0.06/ 4 


0. 


.06 


0.05 


Mg I 


+0.05/ - 0.05 


-0.05/ + 0.05 


-0.06/ 4 


- 


.05 


0.05 


Al I 


+0.03/ - 0.04 


-0.02/0.00 


-0.03/ 4 


0. 


.03 


0.03 


Si I 


-0.03/ + 0.04 


+0.04/ - 0.06 


-0.02/ 4 


0. 


.03 


0.04 


Ca I 


+0.08/ - 0.08 


-0.01/0.00 


-0.11/ 4 


- 


.11 


0.08 


Sc I 


+0.14/ - 0.15 


+0.01/ - 0.01 


-0.02/ 4 





.03 


0.08 


Sc II 


-0.03/ + 0.04 


+0.11/ - 0.13 


-0.06/ 4 





.07 


0.08 


Ti I 


+0.12/ - 0.12 


+0.01/ + 0.01 


-0.06/ 4 





.07 


0.08 


Ti II 


-0.04/ + 0.05 


+0.11/ - 0.14 


-0.14/ 4 





.15 


0.11 


V I 


+0.14/ - 0.14 


+0.02/0.00 


-0.05/ 4 


- 


.07 


0.08 


Cr I 


+0.08/ - 0.09 


0.00/0.00 


-0.09/ 4 


- 


.08 


0.07 


Cr II 


-0.09/ + 0.09 


+0.10/ - 0.14 


-0.06/ 4 





.06 


0.09 


Mn I 


-0.09/ + 0.09 


+0.01/ - 0.02 


-0.13/ 4 


- 


.13 


0.09 


Fe I 


+0.04/ - 0.04 


+0.02/ - 0.03 


-0.10/ 4 


- 


.10 


0.06 


Fe II 


-0.11/ + 0.12 


+0.13/ - 0.16 


-0.08/ 4 





.10 


0.12 


Co I 


+0.05/ - 0.03 


+0.05/ - 0.04 


-0.05/ 4 





.06 


0.05 


Ni I 


+0.02/ - 0.01 


+0.05/ - 0.06 


-0.08/ 4 


- 


.09 


0.06 


Cu I 


+0.01/ - 0.01 


+0.04/ - 0.05 


-0.06/ 4 


- 


.06 


0.04 


Zn I 


-0.07/ + 0.07 


+0.07/ - 0.10 


-0.15/ 4 





.15 


0.11 


Y II 


-0.02/ + 0.01 


+0.11/ - 0.13 


-0.07/ 4 





.08 


0.08 


Zr I 


+0.17/ - 0.19 


0.00/ + 0.01 


-0.02/ 4 





.01 


0.10 


Ba II 


-0.01/ + 0.03 


+0.12/ - 0.14 


-0.21/ 4 





.23 


0.15 


La II 


+0.01/0.00 


+0.11/ - 0.12 


-0.03/ 4 


- 


.05 


0.07 


Ce II 


+0.01/0.00 


+0.11/ - 0.12 


-0.02/ 4 





.02 


0.07 


Nd II 


0.00/0.00 


+0.11/ - 0.12 


-0.03/ 4 





.04 


0.07 


Sm II 


+0.01/0.00 


+0.11/ - 0.12 


-0.05/ 4 


- 


.07 


0.07 


Eu II 


-0.03/ + 0.02 


+0.10/ - 0.13 


-0.03/ 4 





.02 


0.07 



cernible 'cosmic' dispersion in relative abundances - [X/Fe] - at 
a given [Fe/H] (Reddy et al. 2006). The four OCs are very likely 
representatives of the Galactic thin disk but at their metallic- 
ity thin and thick disk stars very likely have the same relative 
abundances. 

Several studies of thin disk dwarfs and giants have been re- 
ported recently. For almost all elements over the [Fe/H] range 
sampled by these four OCs, the field dwarfs and giants show a 
solar-like mix of elements, i.e., [X/Fe] ~ 0, with very little star- 
to-star scatter at a given [Fe/H]. Sample papers echoing this as- 



sertion include Edvardsson et al. (1993), Bensby et al. (2005), 
Reddy et al. (2003, 2006), Luck k, Heiter (2006) for dwarfs, and 
Mishenina et al. (2006), and Luck & Heiter (2007), and Takeda et 
al. (2008) for giants. These papers invoke, as we have done, clas- 
sical methods of abundance analysis involving standard model 
atmospheres and LTE line formation. 

Methods of abundance analysis including choices of gf- 
values, selection of model atmosphere grid and determination of 
solar reference abundances differ among these papers. Yet, the 
results suggest that differences of ±0.05 and possibly ±0.10 dex 
may arise among similar analyses by different authors of the same 
or similar stars. Such differences are attributable to measurement 
errors with the cosmic dispersion masked by such errors. One ex- 
pects applications of the classical method to give slightly different 
results for dwarfs and giants for several reasons, e.g., the effects 
of departures from LTE will be different for giants and dwarfs, 
and the ability of standard atmospheres to represent true stellar 
atmospheres may differ for dwarfs and giants. Thus, we restrict 
comparisons between our results and those by similar methods 
for field giants i.e. systematic errors will be very similar across 
this comparison. 

A useful comparison of abundances between our OCs and 
field giants may be made using Luck & Heiter's (2007) large sam- 
ple of field giants analysed by methods similar to ours, i.e., a dif- 
ferential analysis with respect to the Sun. Using their Table 4, we 
calculated the mean abundances in field giants across the [Fe/H] 
range of our clusters (0.0 to —0.2) and those values are presented 
in column 6 of Table[7] Our cluster abundances in Table[7]match 
the abundances of the field giants to within about ±0.15 dex, 
almost without exception. The range of ±0.15 dex assumes mea- 
surement uncertainties of about 0.1 dex in both studies. (Luck & 
Heiter did not include Zr and Sm in their collection of elements.). 
Luck &: Heiter's results for field giants are generally confirmed 
by Mishenina et al.'s (2006) and Takeda et al.'s (2008) for other 
large samples of field giants. One may note that Takeda et al.'s 
Mn, Ce, and Nd abundances (relative to Fe) agree well with ours 
but their analysis while it gives ionization equilibrium for Fe does 
not do so for Sc, Ti, V, and Cr. 

Close scrutiny of our and Luck & Heiter's abundances sug- 
gest two possible differences: (i) the OCs appear to have a low 
[Mn/Fe] than local field giants; (ii) the OCs relative to the field 
giants may be enriched in Ba and heavier elements. 

The [Mn/Fe] ratio decreases with [Fe/H], as shown by Luck 
& Heiter, and others. If one takes into account the decrease found 
for field giants, the [Mn/Fe] for the OCs is on average 0.12 dex 
lower than for the field giants. We suppose that this offset is not 
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Table 7. Elemental abundances for the four clusters in this study and the thin disk mean 
values from Luck & Heiter (2007) in the metallicity range of our clusters (i.e. 0.0 to —0.2). 



Species NGC 752 NGC 1817 NGC 2360 NGC 2506 Thin Disk 



[Na I/Fe] 


+0.12 ±0.03 


±0.16 ±0.02 


±0.20 ±0.03 


±0.21 ±0.03 


0.10 ±0.06 


[Mg I/Fe] 


-0.01 ±0.03 


±0.08 ± 0.03 


±0.07 ±0.03 


±0.05 ±0.04 


0.08 ±0.10 


[Al I/Fe] 


±0.15 ±0.02 


±0.11 ±0.02 


±0.09 ±0.02 


±0.17 ±0.01 


0.09 ±0.05 


[Si I/Fe] 


±0.11 ±0.02 


±0.10 ±0.02 


±0.15 ±0.02 


±0.04 ±0.02 


0.12 ±0.04 


[Ca I/Fe] 


±0.03 ±0.05 


±0.14 ±0.04 


±0.11 ±0.04 


±0.10 ±0.05 


-0.04 ±0.05 


[Sc I/Fe] 


±0.07 ±0.04 




±0.06 ± 0.04 


0.00 ±0.02 


-0.08 ± 0.06 


[Sc II/Fc] 


±0.04 ±0.04 


0.00 ±0.04 


±0.03 ± 0.04 


±0.05 ±0.05 




[Ti I/Fe] 


-0.07 ±0.05 


0.00 ±0.04 


-0.03 ±0.05 


±0.04 ±0.05 


0.00 ±0.03 


[Ti II/Fe] 


-0.04 ±0.05 


±0.02 ±0.05 


-0.05 ±0.05 


±0.03 ±0.05 




[V I/Fc] 


±0.03 ±0.05 


±0.01 ±0.04 


±0.08 ± 0.04 


±0.01 ±0.05 


-0.09 ± 0.07 


[V II/Fe] 


±0.04 ±0.04 




-0.05 ±0.03 






[Cr I/Fe] 


-0.03 ±0.04 


0.00 ±0.03 


±0.01 ±0.04 


-0.01 ±0.04 


±0.01 ± 0.05 


[Cr II/Fc] 


±0.02 ±0.05 


±0.03 ± 0.04 


0.00 ±0.05 


-0.09 ±0.04 




[Mn I/Fe] 


-0.13 


-0.18 


—0.21 


-0.18 


±0.06 ± 0.07 


[Fe I/H] 


-0.04 ±0.03 


-0.13 ±0.04 


-0.08 ±0.03 


-0.22 ±0.04 




[Fe II/H] 


-0.02 ±0.05 


-0.11 ±0.05 


-0.07 ±0.06 


-0.19 ±0.06 




[Co I/Fe] 


-0.02 ±0.02 


±0.03 ± 0.03 


±0.06 ±0.03 


-0.02 ±0.03 


±0.06 ± 0.08 


[Ni I/Fe] 


-0.01 ±0.03 


-0.02 ±0.03 


±0.01 ±0.03 


-0.08 ±0.03 


0.00 ±0.03 


[Cu I/Fc] 


-0.11 


0.23 


-0.18 


-0.12 


±0.01 ± 0.13 


[Zn I/Fe] 


-0.10 ±0.04 


0.00 ±0.05 


±0.04 ±0.08 


±0.01 ±0.05 




[Y II/Fe] 


±0.03 ±0.03 


±0.07 ±0.05 


±0.06 ± 0.04 


±0.04 ±0.07 


±0.07 ±0.15 


[Zr I/Fe] 


±0.06 ±0.05 


±0.08 ±0.05 


±0.08 ±0.05 






[Ba II/Fe] 


±0.13 


±0.13 


±0.10 


±0.31 


±0.04 ±0.16 


[La II/Fc] 


±0.13 ±0.03 


±0.12 ±0.03 


±0.14 ±0.05 


±0.28 ±0.04 


±0.05 ± 0.09 


[Ce II/Fe] 


±0.13 


±0.20 


±0.18 


±0.18 


±0.05 ± 0.09 


[Nd II/Fe] 


±0.06 ±0.04 


±0.14 ±0.04 


±0.06 ± 0.04 


±0.16 ±0.06 


-0.01 ± 0.07 


[Sm II/Fc] 


±0.08 


±0.21 


±0.13 


±0.22 




[Eu II/Fc] 


±0.07 


±0.13 


±0.04 


±0.22 


0.08 ±0.06 



Note: Abundances calculated by synthesis are presented in bold numbers. 



implausibly considered to be a systematic error arising from two 
similar but identical analyse^. 

Abundances for the heaviest elements are based on either 
strong lines (e.g., Ba) or on just one to three lines. Thus, the 
differences between OC and field giants may be in part due to 
systematic errors. However, D'Orazi et al. (2009) and Maiorca 
ct al. (2011) concluded that heavy element abundances increase 
from old to young clusters. 



5 CONCLUSIONS 

This study is a part of a project on the determination of chemical 
abundances of OCs through high resolution spectroscopy, whose 
final goal is to chemically tag the disk field stars to re-construct 
the dispersed stellar aggregates and to derive the abundance gra- 
dient in the Galactic disk. In this paper, we have presented an 
analysis of giant stars in four OCs located between Rgc ~ 8.3 to 
10.5 kpc. 

The main results of our study are: 

(i) Membership of the giants used for abundance analysis in 
each of the clusters has been confirmed through their radial ve- 
locities; 

(ii) Based on high-resolution spectra and standard LTE anal- 
ysis, we have derived stellar parameters and abundance ratios of 

7 McWilliam et al. (2003) reported low [Mn/Fe] at [Fe/H] ~0 for 
giants in the Galactic bulge but such stars are also enriched in 
the a- elements and Eu, characteristics not carried by the giants 
in our OCs. 



the light elements (Na, Al), a-elements (Mg, Si, Ca, Ti), iron- 
peak elements (Sc, V, Cr, Mn, Fe, Co, Ni), light s- process ele- 
ments (Y, Zr), heavy s-process elements (Ba, La, Ce, Nd), and of 
the r-process elements (Sm, Eu). 

(iii) We have derived average [Fe/H] values of — 0.02±0.05 for 
NGC 752, -0.07±0.06 for NGC 2360, -0.11±0.05 for NGC 1817 
and -0.19±0.06 NGC 2506. 

(iv) Comparison of our results with published abundances for 
thin disk field giants show very similar chemical compositions. 
Field and OC giants with [Fe/H] ~ have identical compositions 
to within the errors of measurements. 

(v) Two hints that the OC and field giant compositions are not 
precisely the same at the same metallicity (i.e., [Fe/H] = 0) will 
be examined in future papers. These hints are a Mn deficiencies 
and a heavy element overabundance in the OCs. 

Acknowledgments: DLL wishes to thank the Robert A. Welch 
Foundation of Houston, Texas for support throug grant F-634. 
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Table 8. Elemental abundances for stars in the OC NGC 752. 



Species 


star no. 77 


star no. 137 


star no. 295 


star no. 311 


Average 


[Na I/Fc] 


+0.13 ± 0.05(3) 


+0.10 ± 


0.03(3) 


+0.14 + 0.02(3) 


+0.13 + 


0.07(3) 


+0.12 + 0.02 


Mg I/Fel 

L o / J 


-0.01 ± 0.07(3) 


+0.02 + 


0.05(2) 


-0.06 ± 0.05(3) 


-0.01 ± 


0.04(3) 


-0.01 ± 0.03 


[Al I/Fc] 


+0.19 ±0.04(3) 


+0.11 ± 


0.03(4) 


+0.14 + 0.04(3) 


+0.17 + 


0.02(3) 


+0.15 + 0.02 


[Si I/Fc] 


+0.12 ± 0.05(13) 


+0.03 ± 


0.05(10) 


+0.11 + 0.07(12) 


+0.18 ± 


0.06(14) 


+0.11 + 0.03 


[Ca I/Fe] 


+0.01 ± 0.07(8) 


+0.03 ± 


0.05(7) 


+0.06 + 0.05(7) 


+0.01 ± 


0.06(8) 


+0.03 + 0.03 


[Sc I/Fe] 


+0.07 ± 0.04(6) 


+0.06 + 


0.10(3) 


+0.12 + 0.03(5) 


+0.03 ± 


0.05(4) 


+0.07 + 0.03 


[Sc II/Fe] 


-0.03 ± 0.04(6) 


+0.19 + 


0.03(5) 


+0.01 ± 0.05(5) 


+0.01 ± 


0.03(6) 


+0.04 ± 0.02 


[Ti I/Fc] 


-0.03 ± 0.06(13) 


-0.14 + 


0.04(15) 


-0.02 ± 0.06(13) 


-0.08 ± 


0.06(13) 


-0.07 + 0.03 


[Ti II/Fe] 


-0.06 ±0.08(6) 


-0.06 ± 


0.09(5) 


0.00 ± 0.09(7) 


-0.03 ± 


0.06(7) 


-0.04 ± 0.04 


[V I/Fc] 


+0.11 ± 0.06(10) 


-0.05 ± 


0.07(6) 


+0.05 ± 0.04(12) 


+0.03 ± 


0.05(10) 


+0.03 + 0.03 


V II/Fel 

L * / J 


0.00 ± 0.07(3) 






+0.04 ± 0.08(3) 


+0.07 + 


0.08(3) 


+0.04 ± 0.04 


[Cr I/Fe] 


-0.02 ± 0.05(12) 


-0.07 + 


0.04(11) 


-0.04 + 0.07(11) 


0.00 + 0. 


06(11) 


-0.03 + 0.03 


[Cr II/Fe] 


+0.06 ± 0.05(4) 


-0.03 + 


0.06(6) 


+0.01 ± 0.02(4) 


+0.04 + 


0.02(4) 


+0.02 ± 0.02 


[Mn I/Fe] 


-0.11 


-0.18 




-0.12 


-0.10 




-0.13 


[Fc I/H ] 


-0.04 ± 0.05(48) 


n no -U 


n C\K( A«\ 
U.UD(^4D ) 


-0.05 ± 0.05(43) 


— U.U4 it 


n nc; (a 
U.Uo|^4o ) 


-0.04 + 0.03 


[Fe II/H] 


-0.02 ± 0.05(13) 


0.00 + 0. 


.05(12) 


-0.04 + 0.06(13) 


-0.04 + 


0.04(13) 


-0.02 + 0.02 


[Co I/Fe] 


-0.03 ±0.05(5) 


-0.08 + 


0.05(7) 


0.00 + 0.08(6) 


+0.04 + 


0.06(5) 


-0.02 + 0.03 


[Ni I/Fc] 


+0.01 ± 0.03(12) 


-0.04 + 


0.06(11) 


-0.01 + 0.05(14) 


0.00 + 0. 


.05(13) 


-0.01 + 0.02 


[Cu I/Fe] 


-0.03 


-0.12 




-0.15 


-0.13 




-0.11 


[Zn I/Fc] 


-0.09 ±0.00 






-0.07 + 0.00 


-0.14 + 


0.00 


-0.10 + 0.00 


[Y II/Fe] 


+0.03 ± 0.01(3) 


-0.01 ± 


0.04(6) 


+0.06 + 0.02(4) 


+0.03 ± 


0.03(4) 


+0.03 + 0.01 


[Zr I/Fe] 


+0.06 ± 0.01(3) 


-0.05 + 


0.01(3) 


+0.16 + 0.02(3) 


+0.06 ± 


0.01(4) 


+0.06 + 0.01 


[Ba II/Fe] 


+0.14 


+0.12 




+0.16 


+0.11 




+0.13 


[La II/Fe] 


+0.15 ± 0.06(2) 


+0.07 + 


0.08(2) 


+0.14 + 0.06(2) 


+0.16 ± 


0.06(2) 


+0.13 + 0.03 


[Cc II/Fe] 


+0.13 


+0.08 




+0.14 


+0.16 




+0.13 


[Nd II/Fe] 


+0.07 + 0.09(3) 


+0.02 ± 


0.04(4) 


+0.06 + 0.03(3) 


+0.10 + 


0.04(4) 


+0.06 + 0.03 


[Sm II/Fc] 


+0.08 






+0.07 


+0.11 




+0.08 


[Eu II/Fe] 


+0.10 


+0.00 




+0.09 


+0.08 




+0.07 



Note: The abundances calculated by synthesis are presented in bold numbers. The remaining elemental abun- 
dances were calculated using line equivalent widths. Numbers in the parentheses indicate the number of lines 
used in calculating the abundance of that element. In this analysis we have adopted the hfs data of Prochaska & 
McWilliam (2000) for Mn I, Mucciarclli ct al. (2008) for Eu II line, McWilliam (1998) for Ba II line, and Allen 
ct al. (2011) for Cu I lines. 
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Table 9. Elemental abundances for stars in the OC NGC 1817. 



Species 


star no. 1U2 t 


,-.4-.-.*. . , OAOO 

star no. zUoo 


star no. zUo9 


Average 


[Na I/Fc] 


+0.15 ± 0.04(3) 


+0.23 + 0.03(4) 


+0.09 ± 0.04(4) 


+0.16 + 0.02 


[Mg I/Fe] 


+0.03 ± 0.03(3) 


+0.12 + 0.06(4) 


+0.08 + 0.01(2) 


+0.08 + 0.02 


[Al /Fe]I 


+0.10 + 0.03(3) 


+0.12 + 0.03(2) 


+0.12 + 0.06(2) 


+0.11 + 0.02 


[Si I/Fc] 


+0.05 ± 0.06(12) 


+0.12 + 0.06(10) 


+0.14 + 0.06(10) 


+0.10 + 0.03 


[Ca I/Fe] 


+0.19 ± 0.04(9) 


+0.20 ± 0.05(9) 


+0.04 + 0.04(9) 


+0.14 ± 0.02 


[Sc II/Fe] 


0.00 + 0.05(5) 


-0.04 + 0.08(5) 


+0.04 ± 0.06(5) 


0.00 ± 0.04 


[Ti I/Fc] 


+0.07 + 0.05(8) 


+0.04 + 0.06(7) 


-0.11 + 0.03(8) 


0.00 + 0.03 


[Ti II/Fe] 


+0.09 ± 0.04(9) 


-0.06 + 0.06(9) 


+0.03 ± 0.05(9) 


+0.02 + 0.03 


[V I/Fe] 


+0.06 ± 0.04(8) 


-0.01 + 0.05(8) 


-0.01 + 0.07(10) 


+0.01 + 0.03 


[Cr I/Fc] 


-0.02 ± 0.05(11) 


-0.02 + 0.05(11) 


+0.03 ± 0.06(13) 


0.00 + 0.03 


[Cr II/Fe] 


-0.01 ± 0.05(6) 


+0.01 + 0.05(4) 


+0.08 ± 0.06(5) 


+0.03 + 0.03 


[Mn I/Fe] 


-0.17 


-0.14 


-0.24 


-0.18 


[Fe I/H ] 


-0.15 ± 0.05(30) 


-0.14 + 0.05(43) 


-0.11 + 0.05(45) 


-0.13 + 0.03 


[Fe II/H] 


-0.11 ± 0.06(11) 


-0.14 + 0.06(11) 


-0.09 + 0.06(11) 


-0.11 + 0.03 


[Co I/Fe] 


+0.03 ± 0.08(5) 


+0.10 + 0.05(4) 


-0.03 + 0.07(5) 


+0.03 + 0.04 


[Ni I/Fc] 


0.00 + 0.03(11) 


-0.03 + 0.05(13) 


-0.02 + 0.05(12) 


-0.02 + 0.02 


[Cu I/Fe] 


—0.22 


0.23 


—0.24 


0.23 


[Zn I/Fc] 


-0.06 + 0.00(1) 


+0.11 + 0.00(1) 


-0.07 + 0.00(1) 


0.00 + 0.00 


[Y II/Fe] 


+0.10 + 0.08(5) 


+0.03 + 0.07(5) 


+0.07 ± 0.03(4) 


+0.07 + 0.04 


[Zr I/Fe] 


+0.14 + 0.00(1) 


+0.11 + 0.08(2) 


-0.01 + 0.06(2) 


+0.08 + 0.03 


[Ba II/Fe] 


+0.16 


+0.11 


+0.12 


+U.lo 


[La II/Fe] 


+0.16 + 0.06(1) 


+0.09 + 0.06(1) 


+0.12 + 0.06(2) 


+0.12 + 0.03 


[Ce II/Fe] 


+0.22 


+0.19 


+0.18 


+0.20 


[Nd II/Fe] 


+0.14 + 0.07(4) 


+0.17 + 0.03(3) 


+0.12 + 0.05(3) 


+0.14 + 0.03 


[Sm II/Fe] 


+0.22 




+0.21 


+0.21 


[Eu II/Fe] 


+0.16 




+0.11 


+0.13 


Note: Same 


as in table 8. 








Table 10. Elemental abundances for stars in the OC NGC 2506. 




Species 


star no. 2212 


star no. 3231 


star no. 4138 


Average 


[Na I/Fc] 


+0.18 ± 0.09(3) 


+0.14 + 0.08(5) 


+0.32 + 0.03(3) 


+0.21 + 0.04 


[Mg I/Fe] 


+0.19 + 0.03(3) 


+0.03 + 0.07(3) 


-0.08 + 0.08(2) 


+0.05 + 0.04 


[Al I/Fc] 


+0.11 ± 0.01(2) 


+0.19 + 0.03(2) 


+0.21 + 0.03(2) 


+0.17 + 0.01 


[Si I/Fe] 


+0.03 + 0.09(12) 


+0.03 + 0.08(7) 


+0.06 + 0.06(10) 


+0.04 + 0.04 


[Ca I/Fe] 


+0.09 ± 0.09(9) 


+0.09 + 0.09(9) 


+0.11 + 0.06(8) 


+0.10 + 0.05 


[Sc I/Fe] 


+0.07 + 0.00(1) 


-0.01 + 0.00(1) 


-0.06 + 0.00(1) 


0.00 + 0.00 


[Sc II/Fe] 


-0.01 ± 0.08(5) 


+0.09 + 0.09(5) 


+0.08 ± 0.07(3) 


+0.05 + 0.05 


[Ti I /Fe] 


-0.08 + 0.07(9) 


-0.01 + 0.09(9) 


+0.17 + 0.07(6) 


+0.04 + 0.04 


[Ti II/Fe] 


-0.07 + 0.07(9) 


+0.13 + 0.06(6) 


+0.04 ± 0.08(8) 


+0.03 + 0.04 


[V I /Fe] 


-0.14 + 0.08(9) 


+0.05 ± 0.07(8) 


+0.12 + 0.08(8) 


+0.01 + 0.04 


[Cr I/Fc] 


-0.02 ± 0.07(6) 


-0.02 + 0.08(11) 


0.00 + 0.04(8) 


-0.01 + 0.04 


[Cr II/Fe] 


-0.14 + 0.07(6) 


-0.04 + 0.06(6) 


-0.08 ± 0.09(4) 


-0.09 + 0.04 


[Mn I/Fe] 


-0.21 


-0.16 


-0.16 


-0.18 


[Fe I/H ] 


-0.19 + 0.06(33) 


-0.25 + 0.06(38) 


-0.21 + 0.05(31) 


-0.22 + 0.03 


[Fe II/H] 


-0.17 + 0.05(8) 


-0.22 + 0.06(8) 


-0.19 + 0.07(9) 


-0.19 + 0.03 


[Co I/Fe] 


-0.02 ± 0.07(5) 


-0.05 + 0.09(4) 


+0.02 + 0.05(3) 


-0.02 + 0.04 


[Ni I/Fc] 


-0.08 + 0.06(12) 


-0.09 + 0.08(10) 


-0.07 + 0.05(11) 


-0.08 + 0.04 


[Cu I/Fe] 


-0.10 


-0.10 


-0.15 


-0.12 


[Zn I/Fe] 


-0.01 ± 0.00(1) 


+0.05 + 0.00(1) 


0.00 + 0.00(1) 


+0.01 + 0.00 


[Y II/Fe] 


+0.07 + 0.12(1) 


+0.03 + 0.12(1) 


+0.01 + 0.12(1) 


+0.04 + 0.07 


[Ba II/Fe] 


+0.29 


+0.31 


+0.31 


+0.31 


[La II/Fe] 


+0.21 ± 0.09(2) 


+0.31 + 0.07(1) 


+0.31 + 0.07(1) 


+0.28 + 0.04 


[Ce II/Fe] 


+0.14 




+0.23 


+0.18 


[Nd II/Fe] 






+0.16 + 0.09(3) 


+0.16 + 0.09 


[Sm II/Fe] 


+0.24 




+0.21 


+0.22 


[Eu II/Fe] 


+0.17 


+0.26 


+0.23 


+0.22 



Note: Same as in tabic 8. 
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Table 11. Elemental abundances for stars in the OC NGC 2360. 



Species 


star no. 5 


star no. 6 


star no. 8 


star no. 12 


Average 


[Na I/Fc] 


+0.14 ±0.07(3) 


+0.23 + 0.06(4) 


+0.21 + 0.05(3) 


+0.24 ± 0.04(4) 


+0.20 ± 0.03 


[Mg I/Fe] 


-0.06 ±0.01(3) 


+0.13 + 0.07(4) 


+0.13 + 0.08(4) 


+0.10 + 0.04(2) 


+0.07 + 0.03 


[Al I/Fc] 


+0.18 ±0.06(2) 


0.00 + 0.01(3) 


+0.19 + 0.05(3) 


-0.01 ±0.05(3) 


+0.09 + 0.02 


[Si I/Fc] 


+0.14 + 0.06(15) 


+0.18 + 0.06(14) 


+0.14 + 0.05(11) 


+0.16 + 0.06(5) 


+0.15 + 0.03 


[Ca I/Fe] 


+0.03 + 0.05(8) 


+0.14 + 0.06(9) 


+0.16 + 0.04(8) 


+0.13 + 0.06(11) 


+0.11 + 0.03 


[Sc I/Fe] 


+0.19 + 0.01(2) 


+0.14 + 0.06(4) 




-0.10 + 0.06(3) 


+0.06 ± 0.03 


[Sc II/Fe] 


0.00 ± 0.03(6) 


+0.15 ± 0.07(5) 


+0.05 ± 0.06(5) 


-0.09 ± 0.03(5) 


+0.03 ± 0.02 


[Ti I/Fc] 


+0.04 ± 0.04(13) 


+0.02 + 0.07(12) 


+0.01 + 0.05(11) 


-0.18 + 0.07(13) 


-0.03 ±0.03 


[Ti II/Fe] 


+0.07 + 0.02(2) 


0.00 ±0.07(8) 


0.00 ±0.05(7) 


-0.10 ±0.02(7) 


0.00 ±0.02 


[V I /Fc] 


+0.23 ± 0.05(12) 


+0.04 ± 0.06(9) 


+0.06 + 0.05 


-0.01 ±0.07(5) 


+0.08 + 0.03 


[V II/Fe] 




-0.05 ± 0.09(3) 


-0.06 ± 0.09(2) 




-0.05 ± 0.02 


[Cr I/Fc] 


0.00 + 0.05(11) 


+0.02 ± 0.06(14) 


+0.02 + 0.03(10) 


+0.02 + 0.05(13) 


+0.01 + 0.02 


[Cr II/Fe] 


+0.02 ± 0.08(4) 


+0.01 + 0.06(6) 


-0.04 ± 0.03(6) 


+0.02 + 0.06(7) 


0.00 ±0.03 


[Mn I/Fe] 


-0.14 


-0.18 


-0.20 




-0.21 


[Fc I/H ] 


-0.07 ±0.07(54) 


-0.13 + 0.05(32) 


-0.05 ± 0.06(43) 


-0.06 + 0.07(60) 


-0.08 ±0.03 


[Fe II/H] 


-0.07 ±0.04(11) 


-0.10 + 0.04(10) 


-0.06 ±0.06(10) 


-0.04 + 0.05(9) 


-0.07 ±0.02 


[Co I/Fc] 


+0.17 + 0.07(7) 


0.00 + 0.07(6) 


+0.05 ± 0.06(6) 


+0.03 + 0.09(9) 


+0.06 ± 0.04 


[Ni I/Fc] 


-0.02 ± 0.06(15) 


+0.01 + 0.04(13) 


+0.02 + 0.06(14) 


+0.04 + 0.08(16) 


+0.01 + 0.03 


[Cu I/Fe] 


0.20 


-0.16 


0.23 


-0.13 


-0.18 


[Zn I/Fe] 




+0.05 + 0.00(1) 




+0.03 + 0.00(1) 


+0.04 + 0.08 


[Y II/Fej 


+0.14 + 0.03(3) 


+0.08 ± 0.05(4) 


-0.04 ±0.06(4) 


+0.07 + 0.06(5) 


+0.06 + 0.02 


[Zr I/Fe] 


+0.13 ± 0.02(3) 


+0.16 + 0.01(2) 


+0.10 + 0.06(4) 


-0.06 + 0.06(3) 


+0.08 + 0.02 


[Ba II/Fe] 


+0.06 


+0.13 


+0.11 




+0.10 


[La II/Fe] 




+0.17 + 0.10(2) 


+0.17 + 0.09(2) 


+0.08 + 0.09(2) 


+0.14 + 0.05 


[Ce II/Fe] 


+0.18 


+0.19 






+0.18 


[Nd II/Fe] 




+0.07 + 0.05(4) 


+0.07 + 0.06(7) 


+0.07 + 0.05(3) 


+0.06 + 0.03 


[Sm II/Fe] 


+0.13 




+0.12 


+0.13 


+0.13 


[Eu II/Fe] 




+0.05 


+0.04 


+0.02 


+0.04 



Note: Same as in tabic 8. 



Table 12. The linelist for all program stars from each of the OCs presented in this paper. 



EW(mA) for NGC 752 EW(mA) for NGC 1817 EW(mA) for NGC 2360 EW(mA) for NGC 2506 
A(A) Species LEP 6 log gf #77 #137 #295 #311 #1027 #2038 #2059 #5 #6 #8 #12 #2212 #3231 #4138 



4668.53 


11.0 


2.10 


-1.25 












79.6 




84.6 97.0 




85.3 


75.2 


85.2 


4982.79 


11.0 


2.10 


-0.91 




111.6 






99.4 


104.2 


107.2 




121.3 




96.3 


102.8 


5688.21 


11.0 


2.10 


-0.45 


145.9 


140.7 


151.1 










141.2 143.4 140.7 


155.1 








6154.23 


11.0 


2.10 


-1.55 


74.5 


75.4 


69.9 


75.5 


59.5 


64.6 


70.8 


67.6 70.1 68.9 


91.3 


70.2 


50.3 




6160.76 


11.0 


2.10 


-1.25 


96.1 


98.5 


89.5 


96.3 


83.5 


85.4 


93.0 


94.6 91.7 91.4 




100.0 


81.7 





Notes: 

a The integer part of the 'Species' indicates the atomic number, and the decimal component indicates the ionization state 
(0 = neutral, 1 = singly ionized). 

b All the lines are arranged in the order of their increasing Lower Excitation Potential (LEP). 

Only a portion of this table is shown here for guidance regarding its form and content. A machine-readable version of the 
full tabic is available. 



